Abstract. Expression of HER-2 and COX-2 was determined to assess the potential of molecular-targeted therapy against human epidermal growth factor receptor-2 (HER-2) and cyclooxygenase-2 (COX-2) for the treatment of invasive bladder cancer. The subjects were 46 patients who attended Aichi Medical University Hospital between January 2001 and August 2008, underwent total cystectomy with a diagnosis of M0 bladder cancer, and received a pathological diagnosis of invasive transitional cell carcinoma of the urinary bladder (pT2-pT4). Expression of HER-2 and COX-2 was determined by immunohistochemical staining, and the results were interpreted by two pathologists by classifying HER-2 expression into four grades, and considering COX-2 positive when 10% or more of the tumor cells were stained. In HER-2 immunostaining, 10 subjects (21.7%) were positive, all of whom had a Grade 3 tumor. Staging classification identified 2 subjects (2/22, 9.1%) with pT2 stage, 3 (3/16, 18.8%) pT3 stage, and 5 (5/8, 62.5%) pT4 stage. There was a correlation between HER-2 positivity and tumor stage (P=0.007). Lymph node metastasis was detected in 13 subjects, 3 of them (3/8, 37.5%) with pN2 metastasis were HER-2 positive. The 5-year cause-specific survival rate was 51.4% for HER-2-positive subjects and 83.4% for HER-2-negative subjects. The outcome was poorer in HER-2-positive subjects, but the difference in survival rate was not statistically significant (P=0.218). In COX-2 immunostaining, 27 subjects (58.7%) were found to be positive. Three (3/4, 75.0%) showed a Grade 2 tumor and 24 (24/42, 57.1%) a Grade 3 tumor. Staging classification identified 13 subjects (13/22, 59.1%) with pT2 stage, 9 (9/16, 56.3%) pT3 stage, and 5 (5/8, 62.5%) pT4 stage. There was no correlation between COX-2 positivity and tumor grade or stage (P=0.488 and 0.089, respectively). Classification by the extent of lymph node metastasis revealed that 6 subjects (6/8, 75.0%) with pN2 were COX-2 positive. There was a correlation between COX-2 positivity and the extent (pN1 or pN2) of lymph node metastasis (P=0.008). The 5-year cause-specific survival rate was 84.0% for COX-2-positive subjects and 71.7% for COX-2-negative subjects. However, the difference in survival rate was not significant (P=0.407). Seven subjects (7/46, 15.2%) were positive for both HER-2 and COX-2, and there was no statistically significant correlation between the status of HER-2 expression and that of COX-2 expression (P=0.2195). The present study failed to show any association between HER-2 or COX-2 positivity and outcome in subjects with invasive bladder cancer. However, HER-2-positive subjects tended to have a poorer outcome. This finding suggests that molecular-targeted therapy against HER-2 could be an effective therapy. Further studies involving a larger number of subjects are required.
Introduction
At present, total cystectomy is the standard therapy for nonmetastatic invasive bladder cancer. However, although the cause-specific survival rate is as high as about 70% in patients with invasion of the muscular coat of the urinary bladder (pT2), some patients have a poor outcome; the rate is about 30-40% in patients with invasion of the surrounding adipose tissue (pT3), and about 20% in patients with lymph node metastases. Analysis of the pattern of recurrence after total cystectomy revealed that many of the recurrences were distant metastases and that local recurrence accounted for about 10% (1) . Therefore, to improve the treatment outcome of total cystectomy, it is more important to eradicate micrometastases that cannot be detected by imaging than to perform local therapy with curative intent. Surgical resection alone is not sufficient in patients with invasive bladder cancer with extension beyond the bladder wall or with lymph node metastasis, and additional therapy is required for such patients.
Unresectable or metastatic progressive bladder cancer is generally treated by combination chemotherapy with anticancer drugs. The typical chemotherapy regimen is M-VAC ONCOLOGY REPORTS 23: 1577 -1583 , 2010 Potential of molecular targeted therapy of HER-2 and COX-2 for invasive transitional cell carcinoma of the urinary bladder KATSUYA therapy, which has been the gold standard since Sternberg et al (2, 3) reported a response rate of 72% and a complete remission rate of 36%. Subsequent research, however, showed that this therapy is not likely to provide long-term survival, achieving only a low response rate and a short duration of response. In addition, this therapy is performed mainly in elderly patients, imposing a great physical burden on them; as a result, dose reduction may be required, and accordingly there will be a problem of insufficient dose intensity. In addition, the standard therapy for M-VACresistant cancer has not yet been established. Furthermore, the results of a recent clinical study of chemotherapy with gemcitabine and cisplatin were by no means satisfactory (response rate, 49.4%; 5-year-survival rate, 13.0%) (4). On the other hand, molecular targeted therapy for cancer utilizes drugs developed against changes in genes or molecules specific to cancer. It is advantageous in that these drugs can be administered in combination with currently available anticancer drugs and that this therapy can be performed as tailor-made therapy.
Vadlamudi et al (5) reported that human epidermal growth factor receptor-2 (HER-2 or HER-2/neu) regulated the expression of cyclooxygenase-2 (COX-2) in a study using a colorectal cancer cell line. Based on this study, we assessed the possible association between HER-2 and COX-2 expression to evaluate the potential of molecular-targeted therapy against HER-2 and COX-2 for the treatment of invasive bladder cancer, and also determined whether overexpression of these substances could predict the outcome of the disease by immunohistochemical staining (IHC) in a retrospective manner.
Materials and methods
Subjects. This study was conducted in 46 patients who attended Aichi Medical University Hospital between January 2001 and August 2008, underwent total cystectomy with a diagnosis of M0 bladder cancer, and received a pathological diagnosis of invasive transitional cell carcinoma of the urinary bladder (pT2-pT4). The last observation was performed on December 31, 2008. Histopathological grading was performed according to the World Health Organization classification system, (6) while primary tumors and lymph node metastases were assessed using the TMN classification system (7).
The present study was approved (approval No. 275) by the Institutional Review Board of Aichi Medical University. All subjects were fully informed before examination for the expression of HER-2 and COX-2 and gave their consent to the study. The baseline characteristics of the 46 subjects are presented in Table I . 
Immunohistochemistry method (IHC) and evaluation. Immunohistochemistry was performed with antibodies against human COX-2 and HER-2. Representative paraffin-embedded tumor tissue blocks were cut into 4-μm slices and mounted on glass slides, followed by dewaxing in xylene, rehydrating in a graded series of alcohol, and rinsing in 0.01 M Tris-buffer (pH 7.3).
HER-2 protein expression was stained for using a standardized Hercep Test kit. The primary antibody in this assay is an affinity-purified rabbit polyclonal antiserum raised against an intracellular epitope of the human HER-2 molecule (Specification Sheet: K5205, Dako, USA). The staining procedure includes an antigen retrieval step consisting of a 40-min incubation in pH 6.0 citrate buffer (Target Retrieval, Dako) in a 99˚C water bath. Staining was performed using an automated staining apparatus for IHC (Autostainer, Dako) according to the manufacturer's guidelines. The slides were counterstained with haematoxylin. Each IHC experiment included a set of control slides. For the negative control, the primary antibody was replaced with an irrelevant, isotypematched antibody to control for non-specific binding of the secondary antibody reagent. The positive control slide consisted of sections of cell blocks of the three breast-cancer cell lines SKBR 3, MDA-MB-175 and MDA-MB-231, which express 2.4 million, 92000 and 22000 HER-2 receptor molecules by Scatchard analysis, respectively, and correspond to HER-2 scores of 3+, 1+ and 0, respectively, obtained by IHC. Histopathologic evaluation was done and staining results interpreted by two experienced pathologists and graded into four levels according to the classification of Carter et al (8) . We considered as in our previous report (9) the scores of >3+ positive. Each tissue specimen was examined by two experienced pathologists blinded to the stage and grade of the tumor on two separate occasions (Fig. 1) .
COX-2 was detected using the labeled streptavidin biotin method. The endogenous peroxidase was inactivated with 3% hydrogen peroxide in absolute methanol for 30 min at room temperature. Antigen retrieval was performed using boiling citrate buffer (pH 6) over 10 min and subsequently cooling to room temperature. Staining was performed using an automated staining apparatus for IHC (Autostainer) according to the manufacturer's guidelines. Non-specific reactions were suppressed with 5% normal goat serum, rabbit anti-human monoclonal COX-2 antibody (Santa Cruz Biotechnology Inc.) diluted 1:20 in tris-bovine serum albumin, overnight at 4˚C. The sections were subsequently washed with phosphate buffer saline (PBS) and biotin-labeled mouse anti-rabbit IgG antibody was allowed to react at 37˚C for 30 min, after which the specimen was washed in PBS, reacted with horseradish peroxidase-labeled streptavidin at 37˚C for 30 min. After washing, color was developed using diaminobenzidine 0.5% and hydrogen peroxide 0.01%. The sections were counterstained with hematoxylin and mounted on slides. For negative controls the primary antibody was omitted from the samples. Inflammatory lymphoid tissue was used as positive control. Staining of the cytoplasm of the tumor cells <10% was considered as a COX-2 negative result while >10% cells was labeled as COX-2 positive. Each tissue specimen was examined by two experienced pathologists blinded to the stage and grade of the tumor on two separate occasions (Fig. 2) . Statistical analysis. Date from 46 patients were available for statistical evaluation, performed with Package for the Social Sciences (SPSS, Chicago, IL, USA) version 11.0 for Windows software. All clinical and pathological parameters were correlated with COX-2 and HER-2 staining results by MannWhitney U test and ¯2 test. Cumulative cause-specific survival times were estimated according to the method by Kaplan and Meier. Survival curves were compared by log-rank test. Probability values <0.05 were considered significant.
Results

HER-2 expression.
HER-2 immunostaining showed a rating of 0 in 13 subjects (28.2%), 1+ in 18 (39.1%), 2+ in 5 (10.8%) and 3+ in 10 (21.7%). At the rating of 3+, 10 subjects (21.7%) were classified as HER-2-positive. These 10 subjects had each a Grade 3 tumor. Staging classification revealed that many of the subjects with high stage were HER-2 positive (P=0.007). Classification by the extent of lymph node metastasis revealed that 3 subjects (3/8, 37.5%) with pN2 metastasis were HER-2-positive, and their primary lesions were also classified as 3+ by HER-2 immunostaining (Table I) .
The 5-year cause-specific survival rate was 51.4% in HER-2-positive subjects, while it was 83.4% in HER-2-negative subjects. HER-2-positive subjects had a poorer outcome, but the difference was not statistically significant (P=0.218) (Fig. 3) .
COX-2 expression. In COX-2 immunostaining, 0-5% staining was seen in 19 subjects (41.3%), 6-10% in 0 and >10% in 27 (58.7%). COX-2 expression was identified by light brown staining of the cytoplasm of a tumor cell, with an unstained nucleus. No statistically significant difference in COX-2 expression was detected in subjects with different tumor grades or stages, while a correlation was seen between COX-2 expression and the extent of lymph node metastasis (pN1 or pN2). There were more COX-2-positive subjects with progression of lymph node metastasis (P=0.008) ( Table I) .
The 5-year cause-specific survival rate was 84.0% in COX-2-positive subjects, while it was 71.7% in COX-2-negative subjects, but the difference was not statistically significant (P=0.407) (Fig. 4) .
HER-2 and COX-2.
Seven patients (15.2%) were positive for both HER-2 and COX-2. No statistically significant correlation was shown between the status of HER-2 expression and that of COX-2 expression (P=0.412) (Table II) . . Cause-specific survival curves for HER-2-positive and HER-2-negative groups. The 5-year cause-specific survival rate was 51.4% in HER-2-positive subjects (n=10), while it was 83.4% in HER-2-negative subjects (n=36), P=0.218.
Discussion
HER-2 is a proto-oncogene located on chromosome 17q21. It encodes a protein with a molecular weight of 185 kDa that has a receptor structure to penetrate the cell membrane. This protein is a tyrosine-kinase-type receptor on the surface of the cell membrane, and has an amino acid sequence resembling that of the epidermal growth factor receptor. It stimulates cell differentiation and proliferation through the ligand binding to the extracellular domain. Fundamental research has revealed that HER-2 overexpression induces cell tumorigenesis (transformation), showing greater aggressiveness. In normal tissues, HER-2 is only slightly distributed in the mammary glands, placenta, hepatocytes, bile duct, gastrointestinal tract, skin, genital organs and urinary tract; HER-2 expression is restricted in most normal tissues (10) . Thus, molecular targeted therapy against HER-2 has interesting potential.
HER-2 has been considered a poor prognostic factor for breast cancer since Slamon et al (11) first reported the association between amplification of the HER-2 gene and poor-outcome breast cancer in 1987. HER-2-overexpressing breast cancer was shown to be refractory to hormone therapy (12) , and thus trastuzumab therapy has been established for HER-2-overexpressing breast cancer (13) .
It has been found that patients with HER-2-positive breast cancer can be more reliably selected by the use of gene amplification, rather than on the basis of antigen expression (14) . It has been found that, in comparing HER-2 expression between IHC and fluorescent in situ hybridization (FISH), the dissociation between amplification and overexpression suggests the presence of point mutation, translocation or transcriptional up-regulation that leads to overexpression of the protein (15) . Furthermore, since a breast cancer cell line is used as the positive control in the Hercep Test kit for IHC, whether the results of IHC can be applied to bladder cancer remains to be determined (16) . We previously analyzed HER-2 expression by IHC and FISH in patients with invasive bladder cancer, and found that only IHC 3 + was correlated with FISH. Based on this finding, IHC 3 + patients alone were considered HER-2-positive in the present study (9) .
In reports on HER-2 in patients with urothelial cancer, the frequency of HER-2 overexpression ranges between 12% (17) and 71% (18) . One study demonstrated that the frequency of overexpression correlated with tumor grade and stage (19) , while another study stated that it did not (20) . Therefore, the relationship between HER-2 overexpression and tumor grade or stage has not yet been established. In our study, the HER-2-positive rate was 21.7% (10/46), and no correlation was shown between the HER-2-positive rate and tumor grade or the status of lymph node metastasis, while analysis by tumor stage revealed a significant correlation (P=0.007); the number of HER-2-positive patients increased with increase in the tumor stage. Assessment of the association between outcome and the status of HER-2 expression showed no statistically significant difference in outcome between HER-2-positive and HER-2-negative patients, but HER-2-positive patients tended to have a poorer outcome.
The importance of COX-2 has been most frequently studied in patients with large intestine cancer. Sheehan et al reported that the survival rate was significantly higher in patients with ONCOLOGY REPORTS 23: 1577 -1583 , 2010 Figure 4. Cause-specific survival curves for COX-2-positive and COX-2-negative groups. The 5-year cause-specific survival rate was 84.0% in COX-2-positive subjects (n=27), while it was 71.7% in COX-2-negative subjects (n=19), P=0.407. Table II . Relationship between HER-2 and COX-2 IHC staining results.
decreased COX-2 expression than in those with increased COX-2 expression (21) . With regard to bladder cancer, a selective or non-selective oral COX-2-inhibitor given at a high dose was shown to reduce the incidence of bladder cancer in mice and rats (22) . It was also reported that the risk of developing bladder cancer was reduced in patients receiving non-steroidal anti-inflammatory drugs (23) .
In determining COX-2 expression, we considered a marked immune response detected in 10% or more of the tumor cells to be positive, and a weak or no immune response in the whole tumor to be negative, since we considered that visualization of a lesion obviously expressing COX-2 would clarify the effect of COX-2 on invasive bladder cancer. Some reports are available on COX-2 expression in patients with transitional cell carcinoma of the urinary bladder. One study showed a positive correlation between COX-2 expression and tumor grade and stage (24) . Another study reported that low-grade and low-stage tumors showed higher COX enzyme activity than high-grade and high-stage tumors (25) . Still another study revealed no association between COX-2 expression and tumor grade or stage (26). Thus, no conclusion has been reached as yet. In the present study, 58.7% (27/46) of all subjects were found to be COX-2 positive by immunostaining. Of the subjects with lymph node metastasis, 46.2% (6/13) were found to be COX-2 positive. No correlation was seen between the frequency of COX-2 expression and tumor grade or stage, while a significant correlation was noted between the frequency of COX-2 expression and the extent of lymph node metastasis (pN1 or pN2). However, we did not determine COX-2 expression in the pN0 subjects in the present study. Therefore, it seems necessary to study the stainability for COX-2 in pN0 subjects, to assess the association between the extent of lymph node metastasis and COX-2 expression. Assessment of the association between outcome and the status of COX-2 expression revealed no significant difference. Shirahama et al (27) indicated that COX-2 expression was not a predictive factor for outcome. This finding is consistent with ours. On the other hand, Kim et al (28) stated that they were able to predict recurrence and disease progression, based on COX-2 expression, in patients with T1 or G3 bladder cancer. Another study revealed that COX-2 in combination with BCG was more useful than BCG alone (29) . These findings suggest the necessity of investigation in cases of superficial bladder cancer.
Vadlamudi et al (5) demonstrated that HER-2 regulated COX-2 expression in a study using a colorectal cancer cell line. The results of our study were not consistent with this finding. In our study, only 15.2% (7/46) of the subjects were positive for both HER-2 and COX-2. Thus, no correlation was detected between HER-2-positive subjects and COX-2-positive subjects. This finding was consistent with the results obtained by Eltze et al (30) from 153 patients who underwent total cystectomy.
In the present study, no association was found between HER-2 positivity and COX-2 positivity with respect to the outcome of subjects with invasive bladder cancer. However, since HER-2-positive subjects tended to have a poorer outcome, molecular-targeted therapy against HER-2 may be effective. Further studies in a larger number of patients are required.
